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THEORETICAL PRESUPPOSITIONS 


The basic concept in the following history and analysis is the concept 
of the medium in the technical sense, which was developed above all 
by Marshall McLuhan, whose work was based on the fundamental 
historical groundwork laid by Harold Adams Innis. This Canadian 
school, as it was christened by Canadian insider Arthur Kroker 
(Kroker, 1984), attempted to examine the technical media and the 
immediacy with which they were let loose on the population of the 
western hemisphere following the Second World War. According 
to McLuhan, media are the intersecting points (Schnittstellen) or 
interfaces between technologies, on the one hand, and bodies, on 
the other. McLuhan went so far as to write that under audiovisual 
conditions our eyes, ears, hands, etc. no longer belong to the bodies 
they are associated with at all, let alone to the subjects that figure 
in philosophical theory as the masters of the aforementioned bodies, 
but rather to the television companies they are connected to. This 
connection between technology and physiology, which is not simply 
dialectical but rather direct, should be recorded and extended. Only 
McLuhan, who was originally a literary critic, understood more 
about perception than electronics, and therefore he attempted to 
think about technology in terms of bodies instead of the other way 
around. According to the analytical stress model, which had just 
been discovered at that time, technical prostheses of a sensory organ 
- in other words, media — were said to have replaced a natural or 
physiological function, and the biological function itself acted as the 
subject of the replacement: an eye that is armed with lenses or glasses 
(a beautiful expression) performs a paradoxical operation, according 
to McLuhan, as it extends and amputates itself at the same time. In 
this way, McLuhan is part of a long tradition that can be traced back 
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to Ernst Kapp and Sigmund Freud, who conceived of an apparatus 
as a prosthesis for bodily organs. 

In Civilization and its Discontents, Freud above all formulated 
very drastically how, on the basis of telescopes, microscopes, gramo- 
phones, and telephones — as always, Freud does not mention film — 
so-called modern *[m]an has, as it were, become a kind of a 
prosthetic god. When he puts on all his auxiliary organs he is truly 
magnificent," yet he is abject without them because “those organs 
have not grown on to him" (Freud, 1953-74, XXI, pp. 91-2). 

Nothing against this mixture of power and powerlessness, the sub- 
limity and the absurdity of people according to Freud and McLuhan; 
but their unquestioned assumption that the subject of all media 
is naturally the human is methodologically tricky. For when the 
development of a medial subsystem is analyzed in all of its historical 
breadth, as the history of optical media is being analyzed here, the 
exact opposite suspicion arises that technical innovations - follow- 
ing the model of military escalations — only refer and answer to each 
other, and the end result of this proprietary development, which 
progresses completely independent of individual or even collective 
bodies of people, is an overwhelming impact on senses and organs 
in general. McLuhan, who converted to Catholicism long before his 
international career, hoped to gain something like the redemption 
of all literature or literary studies from the electronic media of the 
present and the future. To verify this point, which is cardinal for our 
context, I cite the following passage: 


Language.as.the.technology of human extension, whose powers of 
division. and separation we know so. well, may have been the “Tower 
of Babel? by which men sought to scale the highest heavens. Today 
computers hold out the promise of a means of instant translation of 
any code or language into any other code or language. The computer, 
in short, promises by technology a Pentecostal condition of universal 
understanding and unity. The next logical step would seem to be, 
not to translate, but to bypass languages in favor of a general cosmic 
consciousness. (McLuhan, 1964, pp. 83-4) 


In contrast to such an arch-catholic media cult, which simply con- 
fuses the Holy Spirit and Turing's machine, it is hopefully sufficient 
to point out that the development of all previous technical media, in 
the field of computers as well as optical technology, was for purposes 
directly opposed to cosmic harmony - namely, military purposes. 
But such a lack of clarity in McLuhan's concept of media should 
not prevent further work on his fundamental theses. You are 
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presumably familiar with the famous formula that the medium is 
the message. Without this formula, which virtually prohibits looking 
for something else behind technically manufactured surfaces, media 
studies would actually continue to have a subject — just as mysteri- 
ous fields like theology or World Ice Theory? have subjects — but 
media studies itself would not exist as such in isolation or with any 
methodological clarity. To determine the concrete subject of media 
studies one need only connect McLuhan’s formula “the medium is the 
message” — as well as the mock formula he himself came up with in 
his later years, “the medium is the massage” — with its lesser-known 
explication that the content of a medium is always another medium. 
It is therefore obvious that, to take the first example that comes to 
mind, in the relationship between feature film and television the 
most popular content of television broadcasts is film, the content of 
this film is naturally a novel, the content of this novel is naturally a 
typescript, the content of this typescript, etc., etc., until at some point 
one returns back to the Babylonian tower of everyday languages. 

Taking up McLuhan seems even more advisable because German 
media studies typically proceeds on entirely different grounds and 
with entirely different fundamental hypotheses. As Werner Faulstich, 
one of its leading representatives, repeatedly emphasizes, this media 
studies sees itself as a direct continuation of the research areas of 
popular fiction, on the one hand, and the sociology of literature, 
on the other hand, which both rose to prominence in the 1960s 
(Faulstich, 1979, p. 15). 

Literary scholars who do not forget media would have thus been 
permitted to remain safely in the native realm of their own intel- 
lects; it is doubtful, however, whether such a trivial, content-based 
approach to media, which are themselves already the message accord- 
ing to McLuhan’s contrary thesis, comes near enough to their techni- 
cal complexity. We would always only be able to grasp the external 
facade that the electronics industry consciously displays, while the 
interior of the apparatus would remain concealed beneath its cover, 
whose instructions permit it to be opened only by an expert. Perhaps 


^A cosmological theory proposed by Hans Hörbiger and Philipp Fauth, which 
was first published in their 1912 book Glazial-Kosmogonie (Glacial Cosmogony). 
Hérbiger and Fauth claimed that the Milky Way was composed of blocks of ice, and 
over time these blocks of ice collided and formed planets. They also claimed that the 
moon was a block of ice, and previous moons collided with the Earth on several occa- 
sions, causing the great flood and the destruction of Atlantis. Because it contradicted 
Albert Einstein’s theory of relativity, the Nationa! Socialist Party promoted World 
Ice Theory as an alternative to “Jewish” science. 
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the voluntary self-control of German media studies and its particular 
focus on trivial or popular content was plausible for so long because 
on the side of media production itself content and technology fell 
into separate areas of competence, offices, and organizations. But it is 
obsolete in the age of the computer, which supersedes this separation 
on all levels. The only thing that remains is to take the concept of 
media from there - in a step also beyond McLuhan - to where it is 
most at home: the field of physics in general and telecommunications 
in particular. At the beginning of our next meeting, I will attempt to 
provide you with a systematic introduction to this topic by first of 
all presenting the basic concepts that Claude Shannon developed in 
his 1949 mathematical theory of communication — otherwise known 
as modern information theory (Shannon and Weaver, 1949). What 
emerges in place of a conglomeration of different media, as German 
media theorists always still describe it, is a systematic outline, a 
general connecting thread with which many individual threads could 
be strung together. 

Second, the consequence of employing the media concept of tele- 
communications is that media studies cannot be limited solely to the 
study of media that (to be brief and clear) have a public, civilian, 
peaceful, democratic, and paying audience. For example, in Faul- 
stich's Critical Keywords in Media Studies he proposes that closed 
circuit television systems, like those used for department store secu- 
rity; are of peripheral importance compared to the television, which is 
more often examined in media studies. That may be statistically true, 
but it is. methodologically unacceptable. For when it can be shown 
that precisely the civilian and private use of video recorders has arisen 
from such security systems, it also becomes clear how artificial the 
dividing line between mass media and high technology is and how 
much it hinders the analysis of connections. In the end, the catego- 
rization of technical media according to their price and their display 
in department stores only conceals what the late Albert Einstein 
called the general explosion of information in the present. Einstein 
was thus strangely (and unforeseeably) in agreement with Heidegger 
that the explosion of information is more dangerous than all atomic 
bombs. 

When one is methodologically inclined towards a general concept 
of media and information, though, the problem emerges whether 
and how some areas can be excluded. For this lecture especially, we 
are confronted with the problem of acoustic media; although they 
are not included in the title, they are increasingly networked with 
optical media. Because the general concept of information is not 
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philosophical but rather technical, which means that it has already 
ensured its own realization, it is increasingly difficult for telecommu- 
nications to be specified and defined through its contents or sensory 
fields. The development of optical media closely parallels the devel- 
opment of acoustic media, and in some cases they even developed in 
conjunction with one another. This can be seen in Edison's work on 
phonography and film and Nipkow's work on telephony and televi- 
sion. Indeed, there would be no television at all if radio technologies 
had not been developed, which then - after many technical contor- 
tions that would never have been necessary for the transmission of 
voice and music — were also brought to the point where they could 
be used to transmit images. 

After attempting to separate this lecture from sociological and 
other approaches, what remains are the problems presented by the 
history of technology itself. In spite of all the metamorphoses of art 
scholars into engineers, can there be a history of technology at all 
within the context of cultural studies? In a book about early silent 
film whose title, Knowledge is Medium, is borrowed from McLuhan, 
Thorsten Lorenz put his finger on the problem: film is simply patent 
number so-and-so — the plan to build a new device that the brothers 
Louis and Auguste Lumiére submitted in 1895 and that was also 
awarded by the French government. Every additional word about 
film beyond this degenerates into cultural or cultural studies gossip. 
From this, Lorenz decides to take the next logical step and write his 
obviously cultural studies book not about film but rather about the 
cultural studies gossip about film. 

In our context, however, the suggested practical relevance already 
excludes such radicality. I will therefore focus on the history of 
technology and will not exclude comments on patent specifications 
if only, at the very least, to convey a certain know-how. To a large 
extent, though, the technical explanations will be oriented towards 
each of the beginning stages of the development of optical media 
in order to avoid the difficulties associated with understanding the 
mathematics. For didactic reasons, it is advisable to present solu- 
tions to complicated technical problems at the moment they first 
emerged, as they are therefore in a condition where they are still easily 
comprehensible and apperceptible basic circuits, which the inventors 
themselves must first convert from everyday language into sketches 
of technical plans, so to speak. In contrast, a television appliance in 
its contemporary, practically finished form bas been through so many 
development teams and laboratories that it is impossible for anyone 
to account for all of its individual parts any more. 
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This emphasis on solutions to early problems runs the risk, as in 
many histories of film, of falling under the spell of a cult of genius 
pioneers or inventors and so forgetting the quotidian aspects of the 
media industry once it is established. But when this developmental 
history is represented in some detail, as I will attempt, the aura of 
these individual geniuses dissolves. Not only is genius one percent 
inspiration and 99 percent perspiration, as Edison once said, but 
according to McLuhan’s law the development of media under highly 
technical conditions always requires the development of other media 
and thus the sweat of others as well. One must therefore consider 
developmental teams, subsequent developments, optimizations and 
improvements, altered functions of individual devices, and so on; this 
means, in the end, an entire history of the industry. At this point, 
though, I immediately recognize my own limits: the history of film 
and television that I will present does not include the actual history 
of the industry. I am neither a publicist nor an economist, so I can 
only deal with the economic and financial conditions of what might 
perhaps be called the global image trade through hints and references. 

In place of the missing history of the industry, which is and remains 
merely suggested, these lectures will stress two other themes, which 
follow quite directly from my previous comments on McLuhan. The 
first concerns the relationship between the history of technology and 
the body, and the second concerns the relationship between modern 
technologies and modern warfare. 

First, technology and the body: the naked thesis, to place it imme- 
diately up front, would read as follows: we knew nothing about our 
senses. until. media: provided models and metaphors. To make this 
~ brief: thesis seem plausible; I will-give-you-two: extremely opposed 
historical examples: 

a) As alphabetical writing, this new medium of Attic democracy, 
was standardized on a governmental level in Athens, philosophy 
also emerged as Socratic dialogue, which the student Plato then put 
into writing, as we know. Thus, the question was on the table as to 
which tools philosophers could actually employ. The answer was 
not the new ionic vowel alphabet, as a media historian like myself 
would have to answer; rather, the answer was that philosophers 
philosophized with their souls. All that remained for Socrates and his 
enthusiastic interlocutors (enthusiastic because they felt flattered) was 
to explain what the soul itself was. And lo and behold: a definition 
of the soul was immediately offered by the wax slate, that tabula 
rasa upon which the Greeks etched their notes and correspondence 
with their slate pencils. Under the guise of a metaphor that was not 
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just a metaphor, therefore, the new media technology that gave rise 
to the soul was eventually seen as the vanishing point of this newly 
invented soul. 

b) Around 1900, immediately after the development of film, it 
appears that there was an increase in the number of cases of mountain 
climbers, alpinists, and possibly also chimney-sweeps who, against 
the odds, survived almost fatal falls from mountains or rooftops. 
It may be more likely, though, that the number of cases did not 
increase, but rather that the number of scientists interested in them. 
did. In any case, a theory immediately began to circulate among 
physicians like Dr. Moriz Benedict and mystical anthroposophists 
like Dr. Rudolf Steiner, which even you may have probably heard 
as a rumor. The theory stated that the so-called experience — a key 
philosophical concept at that time — of falling (or, according to other 
observations, also drowning) was allegedly not terrible or frightening 
at all. Instead, at the moment of imminent death a rapid time-lapse 
film of an entire former life is projected once again in the mind's eye, 
although it is unclear to me whether it is supposed to run forwards 
or backwards. In any case, it is evident: in 1900, the soul suddenly 
stopped being a memory in the form of wax slates or books, as Plato 
describes it; rather, it was technically advanced and transformed into 
a motion picture. . 

In these lectures, however, the attempt to define the soul or the 
human being once more will be systematically avoided. As the two 
examples above quite clearly show, the only thing that can be known 
about the soul or the human are the technical gadgets with which 
they have been historically measured at any given time. That excludes 
the possibility of basing these lectures on the experiences of motion 
picture audiences and the opinions of television viewers, which most 
of the work in empirical German media studies continues to be based 
on (despite all the statistical tricks with which those experiences and 
opinions are then supposedly transformed into objective data). Fans 
will therefore not get their money's worth. 

Why this disappointment? Because the historical tendency to 
employ technical media as models or metaphors for imagining the 
human or the soul, which I have just illustrated, is anything but 
accidental. Media have become privileged models, according to 
which our own self-understanding is shaped, precisely because their 
declared aim is to deceive and circumvent this very self-understand- 
ing. To be able to experience a film, as it is so wonderfully called, 
one must simply not be able to see that 24 individual images appear 
on the screen every second, images that were possibly filmed under 
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entirely different conditions. This is particularly true of television, as 
we know that there is a recommended optimal distance between the 
slipper cinema, on the one hand, and the wing chair, on the other. 
Eyes that fall short of this distance are no longer able to see shapes 
and figures, but rather only countless points of light that constitute 
their electronic existence and above all their non-existence — in the 
form of moiré patterns or blur. 

In other wotds, technical media are models of the so-called human 
precisely because they were developed strategically to override the 
senses. There are actually completely physiological equivalents for 
the methods of image production employed by film and television, 
but these equivalents themselves cannot be consciously controlled. 
The alternating images in film correspond roughly to the blinking 
of eyelids, which mostly occurs entirely automatically; with some 
effort, this blinking can be increased to at least half the frequency 
of film's 24 frames-per-second, which very graphically simulates the 
stereoscopic effects of film when combined with head movements, but 
the speed of 24 frames-per-second was intentionally chosen exactly 
because eyes and eyelids are unable to attain it. In a similar way, 
the construction of images on television corresponds to the structure 
of the retina itself, which is like a mosaic of rods and cones; rods 
enable the perception of movement, while cones enable the percep- 
tion of color, and together they demonstrate what is called luminance 
and chrominance on color television. Retinas are themselves seen so 
rarely, however, that the place where they, and that means all of us, 
see nothing whatsoever - the blind spot where the optic nerve leaves 
the eye — was only first discovered by physiological experiments in 
the seventeenth century. - 

This implies, conversely, that for technical media, if they impinge 
upon our senses at all like film or television, it is completely justified 
to conceive of them as enemies (and without the cultural pessimism 
that Horkheimer and Adorno’s chapter on radio and film in Dialectic 
of Enlightenment made fashionable). For the enemy is, according to 
Carl Schmitt, the embodiment of our own question. There are media 
because man is (according to Nietzsche) an animal whose properties 
are not yet fixed. And precisely this relationship — not a dialectical but 
rather an exclusionary or adversarial one — ensures that the history 
of technology is not so ahuman that it would not concern people. 

The name for this problem area, which has yet to be negotiated 
in detail, is standards or norms. Standards determine how media 
reach our senses. All of the films that can be bought are known to 
be standardized according to either DIN or ASA. I employ the term 
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*standard" to distinguish those aspects of the regulations that are 
intentional from the accidental or contingent. Norms, on the other 
hand, were and are an attempt to cling to natural constants, like the 
standard meter of the French Revolution, which led medical historian 
Canguilhem and his follower Foucault to define post-1790 Europe 
as a culture of norms instead of laws. In this sense, I go one step 
further and say that after 1880 we find ourselves in an empire of 
standards (the word culture, as a concept associated with agricultural 
growth, has to be ruled out). The use of screens for film and panel 
painting already makes the difference between media standards and 
artistic styles abundantly visible. This will still be shown in technical 
positivity, but beforehand I will briefly sketch out the fundamental 
principles. 

The eye sees. Is it seeing a film, a television broadcast, a painting, 
or a detail from so-called nature that (according to the Greek word) 
it projects from within itself? This question can only be decided by 1) 
an observer who sees this eye see, or 2) this eye itself, if and so long 
as the media standards are still a commercial compromise that reveals 
deficits, such as black-and-white images, no stereoscopic effects, or 
missing colors like the American NTSC television system. Like the 
film director von Góll in Pynchon's great world war novel correctly 
said: We are “not yet” in the film (Pynchon, 1973, p. 527). 

From the perspective of the year 1945, therefore, Pynchon's fic- 
tional director, who is really only a pseudonym for his historical col- 
leagues like Fritz Lang or Lubitsch, promises a standardization that 
will bring an end to the difference between film and life — like the 
subtitle of a novel by Arnolt Bronnen - while in the meantime already 
making some actual advances towards this goal. As you know, this 
convergence of mediality and reality has been discussed using the 
term “simulation” at least since Baudrillard. These lectures will have 
to take up this debate yet again, as the concept of simulation, which 
refers to the sublation of a separation, allows for the introduction 
of a sharper distinction between traditional arts and technical media 
than is customary in everyday language. 

In the Greek tradition, there are fairly paradigmatic anecdotes 
about a competition between two painters, who both claimed to have 
absolutely fulfilled the allegedly Aristotelian postulate of a puno 
GEMS, an imitation of nature. The first painter, who was named 
Zeuxis, created a painting with remarkably realistic-looking grapes. 
His competitor was actually able to see that these grapes were painted, 
but a flock of birds immediately pounced on the painting, thinking 
that they were indeed real. According to Kant, these two reactions 
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exemplify the entire difference between art and life, disinterested 
satisfaction and desire. But the matter does not simply end there. It 
was left up to Zeuxis’ competitor, Parrhasios, to take the painting 
competition to another level. When he presented his work for Zeuxis’ 
assessment, a veil still hung over the painting. Zeuxis wanted to pull 
the veil away in order to take a better look, but when he attempted to 
extend his hand towards the veil he realized it was also painted. The 
first-order simulation was thus able to fool the eyes of animals, while 
the second-order simulation was also able to fool the eyes of humans. 

This anecdote actually shows quite beautifully that art and media 
are fundamentally about the deception of sensory organs (Lacan, 
1981, p. 103), but this seems to be just as beautiful as it is problem- 
atic. It implies that people can deceive others about the status of their 
own creations through the use of manual tools and abilities, such as 
painting, writing, or composition. “Whoever believes it is possible 
to lie with words might also believe that it happened here," wrote 
Gottfried Benn about his early novels. He himself believed it as little 
as I do. When one sees the remaining Greek panel paintings today, 
which have admittedly been poorly preserved, the anecdote about the 
two painters seems very doubtful, as these paintings were obviously 
done using a palette that included certain colors and simply lacked 
others. In place of the so-called truth of nature, therefore, these paint- 
ings reflect a convention that one must first ignore or overlook in 
order to fall under the spell of the illusion. In this respect, despite its 
realistic veneer, painting is not so very different from other arts like 
music or literature, whose encoding, and this means conventionality, 
is more readily. apparent. The thesis would thus be that traditional 
arts, which: were: crafts according.to the Greek concept, only pro- 
duced illusions or fictions, but not simulations like technical media. 
Everything that was style or code in the arts registered a distinction 
that is quite the opposite of technical standards. 

Artistic styles were certainly ways of acting on the senses of the 
public, but they were not based on measurements of the abilities and 
inabilities of visual perception like the standard use of alternating 
images in film; they were based on approximations, conventions, and 
the pure chance involved in the historical availability of raw materi- 
als. Certain artistic effects would not have been possible without oil- 
based paints, and therefore without petrochemicals and their world 
wars. If Foucault had been able to write his book about painting as 
the history of available pigments - as promised in The Discourse on 
Language — we would know more. But it is clear that pigments are 
just as visible as what they are supposed to show on the canvas. For 
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this reason, European culture up to early modern times was under 
the control of what Hans Blumenberg called the “postulate of vis- 
ibility”: that which exists also allows itself in principle to be seen 
(Blumenberg, 1983, pp. 361-75). Plato’s concept of theory, which 
has already been touched upon, even implies that what exists in the 
highest state of being, namely in the realm of ideas, can itself be seen, 
although or because it remains absolutely invisible to the naked eye. 
Technical media and only technical media — according to the thesis 
of these lectures — destroyed this postulate of visibility. Being, in an 
eminent sense, allows itself in principle not to be seen today, although 
or because it allows the visible first to be seen. In this way, the history 
of optical media is a history of disappearance, which also allows me 
the freedom to disappear for today. 

It is astonishing that the anecdote about the optically deceived 
birds has returned today in the form of a scientific theory: first, 
behaviorism has actually established that with female pigeons the 
ovulation necessary for fertilization occurs not only when they see 
a cock pigeon, but also when the laboratory deceives them with a 
two-dimensional dummy. In a second step, French psychoanalyst 
and structuralist Jacques Lacan then based an entire terminology 
on the experiment, which has since also made careers among film 
scholars, particularly in Anglo-Saxon countries. For Lacan, all of 
the phenomena associated with figure recognition go by the method- 
ological title of the imaginary, and the point is actually that they are 
just as automatic as they are deceitful. Lacan cites both the pigeon 
experiment and the ancient painter to support his theory (Lacan, 
2002, p. 5), but the example he offers is different: unlike animals, 
human infants learn from an early age, approximately in the sixth 
month, to recognize themselves in mirrors. The point of this early 
childhood figure recognition, however, is that it is also simultane- 
ously a misrecognition — simply because the apparently superior 
sensory capabilities of human infants as compared to those of baby 
animals, who see adversaries in the mirror rather than themselves, 
are inversely proportional to or compensate for their delayed motor 
skills. It is precisely because they are not yet able to walk and their 
immature central nervous systems have not yet registered the unity of 
their own bodies that they project a closed, visually perfect identity 
onto the mirror image. The tremendous joy they express upon recog- 
nizing themselves in the mirror conceals the reality that their bodies 
are still physically uncoordinated. According to Lacan, this is how 
the ego itself emerges from the imaginary. And the fact that Lacan 
found proof for his theories in a scientific experimental film that 
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demonstrated this process of self-(mis)recognition in the mirror also 
clearly shows how the mirror stage and the imaginary are related to 
film. I will return to this complex in my discussion of early German 
silent films, which were full of mirrors and doppelgängers. 

For the moment, it is more important to emphasize the idea that 
the imaginary represents only one of the three methodological catego- 
ries of the structuralist theory. According to Lacan, the dimension of 
code, which I have just illustrated through artistic styles and aesthetic 
rules, appears under the title of the symbolic, which turns out to be 
essentially at home in the code of everyday language. 

The third and final category is called the *real," but please do not 
confuse this category with common so-called reality. Le réel refers 
only to that which has neither a figure, like the imaginary, nor a 
syntax, like the symbolic. In other words, combinational systems and 
processes of visual perception cannot access the real, but — and this 
is one of the leitmotifs of these lectures — this is precisely why it can 
only be stored and processed by technical media. The present can 
be distinguished from every earlier period by the fact that we live at 
a time when, with the help of Mandelbrot's fractals, clouds can be 
calculated in their full randomness and then be made to appear on 
computer screens as calculated, unfilmed images. Practically speak- 
ing, however, this means that we must employ a considerable part of 
film theory — which usually goes by the name of film semiotics - in 
order to clarify the radically new ways in which optical media handle 
the symbolic. This concerns, more concretely, techniques of montage 
and editing, and thus everything that has been regarded as specific 
media aesthetics since the time of Walter Benjamin. Above all, it must 
be made clear how media, in contrast to all of the arts, can neverthe- 
less include the impossible real in their manipulations, techniques, 
or processes, and thus treat the pure chance of a filmed object or a 
television camera setting as if it had the same structure as the manipu- 
lable codes in the arts. To shed some light on this possibly vague 
suggestion, I will conclude these comments on media technologies 
and the body with a quotation from Rudolf Arnheim's film theory. 
In an essay on the systematics of early cinematographic inventions, 
Arnheim claims that *since we have known photography" there has 
been a new and “more ambitious demand placed on the image”: “It 
is not only supposed to resemble the object [as in all representative 
arts], but it is also supposed to guarantee this resemblance by being 
the product of this object itself, i.e. by being mechanically produced 
by it — in the same way as the illuminated objects in reality mechani- 
cally imprint their image onto the photographic layer" (Arnheim, 
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1977, p. 27). This passage hopefully shows what a manıpulation of 
the real can be in contrast to all figures and cultural codes. And if 
the body belongs to the real, as Lacan argues, then this introduction 
to optical media and the body is where it should be. 

In terms of methodology, it only remains to be noted that I am 
employing Lacan’s terms as a useful set of conceptual tools, not as 
immutable truth - for the simple reason that over the course of the 
semester we must ask whether the basic concepts of current theories 
are absolutely independent and thus true frames of reference or rather 
a direct result of the media explosion of our own epoch. Lacan's 
notion of the symbolic as a syntax purified of all semantics, meaning, 
degrees of figuration, and thus also every conceivability could in the 
end coincide with the concept of information in telecommunications. 

The question still remains as to where the untraditional concept of 
information itself — the basis and goal of all technical media - origi- 
nally comes from. To get to this, as well as the relationship between 
media and war, I will stay with the example of photography and 
quote an extremely early passage from 1859, in which (as far as 
I can see) something like media-technical information appears for 
the first time. Oliver Wendell Holmes, Sr., the first real theorist of 
photography, wrote at that time: 


Form is henceforth divorced from matter. In fact, matter as a visible 
object is of no great use any longer, except as the mould on which form 
is shaped. Give us a few negatives of a thing worth seeing, taken from 
different points of view, and that is all we want of it. Pull it down or 
burn it up, if you please. (Holmes, 1859, p. 747) 


According to Holmes, therefore, modern information conceals itself 
under the ancient philosophical concept of form: the possibility of 
storing, transmitting, and finally processing data without matter and 
also without the loss of accuracy that was unavoidable in artis- 
tic reproductions. The point of his example, however, is only that 
chemically pure information becomes a correlate of chemically pure 
destruction. What Holmes is describing already sketches out the path 
to the bomb over Hiroshima, which, according to the similar insights 
of Thomas Pynchon and Paul Virilio, represents both a photographic 
flash and an annihilation, or that Black Forest mine station where the 
plans and photographs of all of our monuments have been stored in 
bomb-proof shelters by the federal government of Germany. 

In other words, the concept of information itself has a military, stra- 
tégic component. It is no accident that the age of media technologies 
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is at the same time also the age of technical warfare. French archi- 
tecture and military theorist Paul Virilio has made this point quite 
clearly, especially in the case of optical media. In Germany, however, 
he is overlooked by most media theorists — with the exception of Heide 
Schlüpmann and her lucid discussion of silent film and World War I. 
These lectures must and will therefore satisfy a pent-up demand to 
catch up with his work. 

Virilio's argument, above all in his book about war and cinema, 
follows two separate tracks: the first concerns everything that optical 
media produce that can be considered imaginary, in the sense that 1 
have just defined, such as all the means of fascination, blinding, dis- 
guise, or — to use a term from this media-technical century — optical 
illusions in general. And because Virilio defines war first of all as 
basically a game of hide-and-seek between two enemies, he is able 
to show how media effects are linked to military stratagems through 
optical illusions. This appears to be a rather simple model to explain 
the present global image trade and image war. For this reason, I 
prefer to follow Virilio's second line of argumentation, which espe- 
cially concerns optical media. In contrast to sound waves, which are 
known to cover a distance of approximately 330 meters per second 
at normal temperatures (and completely ignoring the speed of letters 
or orders sent by mail or pony express), the speed of light waves or 
light particles is Einstein's constant c, which cannot be surpassed by 
any other speed. Accordingly, Virilio's second argument is that the 
strategic interest in faster information — the supervising and direct- 
ing of one's own troops, the monitoring and surveillance of enemy 
troops, and. above all the supervising and directing of one's own 
response to enemy actions, which should be as immediate as pos- 
sible — crucially accelerated the explosive rise of optical media over 
the last hundred years. 

It seems necessary to absorb this point and trace it through film 
and television to the digital future of image technology. I will thus 
attempt to pass on the factual evidence Virilio has laid out, which 
in other contexts has been simply ignored, and on the basis of this 
evidence I will attempt to demonstrate the plausibility of his often 
radical theories, such as his claim that between the wars popular 
cinema was (to use Eisenhower’s famous phrase) a military-industrial 
complex. 

This naturally implies, as has already been emphasized, that the 
list of technologies to be addressed does not end with popular films 
and television programs, but rather the category of optical technol- 
ogy also encompasses such cryptic things as radar or night vision 
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devices. In these times, when a wall separating Germany has fallen, 
perhaps it is also possible to conceive how relative every distinction 
between civil and strategic image technologies has gradually become: 
apart from the eastern European delay in informatics and computer- 
controlled production, which Gorbachev himself admitted and which 
he described as a motive for opening his country to the West, this 
wall fell as a result of a constant 25-year bombardment of television 
broadcasts. 

And such events, which are triggered by technical media, possi- 
bly represent the conclusion of more than just a chapter in postwar 
European history. Perhaps telecommunications brings history itself, 
which was always a metaphor for the possibility of written inscrip- 
tion, to a point beyond which it is no longer history in the traditional 
sense. In any case, it is worth reconstructing the history of film and 
television within this context. After all, events that exist as nothing 
but documentary films or television recordings (Kennedy's murder 
in Dallas, the attack on Reagan in New York) continue to multiply. 
Such events can no longer be traced back to other, historically correct 
(that is, written) sources, just as it is also impossible to magnify the 
corresponding film documents any further without ending up in the 
pure grain of the celluloid and therefore in a white noise where there 
is nothing more to recognize (as Antonioni proves in Blow Up). 
It could thus be said that whereas history has handed down to us 
the opposition between writing — a manual art — and the ocean of 
undocumented events that remain inaccessible, this is precisely where 
the new opposition of the media age between technical information 
and white noise, the symbolic and the real, emerges. 

Now that the concepts of information and noise have at least been 
introduced, I can finally conclude this methodological introduction, 
as promised or threatened, with a brief sketch of Shannon's technical 
model of communication and information. 

Claude Elwood Shannon, a leading mathematician and engineer 
in the research laboratory of AT&T, which remains at present the 
largest telephone company in the world, outlined this model in 1948 
in a work with the modest yet equally ambitious title The Mathemati- 
cal Theory of Communication. After the Second World War brought 
about a surge of innovations in all fields of telecommunications, par- 
ticularly in television and radar, it became historically necessary no 
longer to produce theories about individual media, as everyone had 
done for film from Hugo Münsterberg to Walter Benjamin, but rather 
to pose the simple and common question of what media technolo- 
gies in general do; what are their functions and constituent elements 
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that enable information even to occur? Shannon was able to answer 
this question thanks to mathematics and its elegance. Although this 
mathematical aspect must be toned down for it to come in useful 
here, for our purposes it offers the advantage of introducing clearly 
delineated concepts that make it possible for the first time to compare 
the performance and limits of individual media, like film and televi- 
sion, with each other. Once the general functions and elements are 
known, they can be found at the most varied degrees of technical 
complexity, from the simple, old-fashioned book to the newest com- 
puter screen. 

There are five interconnected elements in Shannon’s general model 
of a communication system: first, a data source that generates a 
message; second, one or more senders that translate this message 
into signals according to the rules of a prearranged code so that the 
system is able to transmit them; third, a channel that actually conveys 
the transmission (with a considerable or slight loss of information); 
fourth, one or more receivers that treat the signal in the opposite or 
inverse way to the senders, if possible, and reconstruct or decode 
the message from the received flow of signals; fifth and last, one or 
more data sinks to whom, Shannon writes, the message is addressed. 
According to the mathematical theory of communication, it is com- 
pletely unimportant what kinds of entities serve as data sources that 
transmit a message and data sinks that receive a message, such as 
humans or gods or technical devices. In contrast to traditional phi- 
losophy and literary studies, Shannon’s model does not ask about the 
being for whom the message connotes or denotes meaning, but rather 
it ignores connotation and denotation altogether in order to clarify 
the internal mechanism of communication instead. At first glance 
this appears to be a loss, but it was precisely its independence with 
regard to any sense or context that allowed technical communica- 
tion to be emancipated from everyday languages, which are neces- 
sarily contextual, and that led to its global victory. When Shannon 
explicitly says that we have no need for a communications system 
for eternal truths, whether of a mathematical or even, I would add, 
religious nature because such truths must be continuously reproduc- 
ible at different times and places without technical transmission, it 
becomes abundantly clear how the essence of media diverges from 
our everyday concept of faith. Let us therefore forget humans, lan- 
guage, and sense in order to move on to the particulars of Shannon's 
five elements and functions instead. 

Because it is conceived without reference to any semantics, the 
message can be of an arbitrary type: a sequence of letters as in books 
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or telegraph systems, a single quantity that changes over time like the 
vibrations of voices or music on the radio or on records (if we disre- 
gard the two variables of stereophony), or, in an extremely complex 
case like color television, it can also be an entire conglomeration in 
multiple dimensions of both space and time. For a single color image 
to be seen, the two spatial dimensions of a red value, a blue value, a 
green value, and a brightness value must be transmitted at the same 
time as the temporal dimension of sound. 

The sender, the second link in the chain, predictably has the func- 
tion of serving as the interface between the aforementioned message 
and the technical system; it must therefore find a happy medium or 
compromise between the complexity of the message and the capacity 
of the channel. In principle, there are two possible solutions: in the 
first case, the signal generated by the sender corresponds proportion- 
ally to the message, which means that it follows all of its changes in 
space and/or time. This is called analog communication, as in the case 
of gramophone, microphone, radio or even photography, and while it 
is more familiar it is also unfortunately more difficult mathematically. 
In the second case, the message is broken down into its pure constitu- 
ent elements prior to transmission in order for it to fit the capacity 
of the channel, which is in principle always physically limited. These 
elements are entirely of the same type, such as letters in the case of 
a spoken message or numbers in the case of computer technology 
or the individual pixels of a monitor. Because these elements can 
only assume certain values — there are, for example, far fewer Latin 
letters than the number of possible sounds produced by the larynx 
and mouth — they cannot match all of the variations, intricacies, and 
details of the message. Communication systems that employ such 
mathematically and technically verifiable signals are called discrete 
or — following the model of the finger of a hand - digital. 

And the entire difference between film aud television studies will 
amount to the clarification of how the transition of a largely analog 
medium like film to the digital television screen changes or revolu- 
tionizes visual perception. 

Third, the channel is equipped for the technical bridging of space in 
the case of transmission media or of time in the case of storage media, 
and it can consist of material, like telephone wires or fiber-optic 
cables, or it can simply be a vacuum through which electromagnetic 
waves propagate, like radio or television. As a physical medium, in 
any case, every channel also generates interference or noise, which is 
the conceptual opposite of information. When a television is set on 
a frequency between the regular channels, this noise appears to our 
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sensory organs (which are otherwise blind to noise) like snow made 
of points of pure light that correspond to some accidental event like 
spark plugs or distant galaxies. It is impossible to determine whether 
the noise represents a single ongoing accidental process or the sum of 
an endless number of such processes. In any case, for all media the 
technical specifications must aim to reduce the level of noise in the 
channel - eliminating noise altogether is impossible — and increase 
the level of signal. And Shannon's theoretically crucial computational 
result was that this is primarily possible by cleverly coding messages 
and repeating them until they are received with the desired level of 
accuracy. 

Fourth and last, the task of the receiver in a communication system 
is to decode the technically encoded signal and thus reconstruct as 
far as possible and feasible the message submitted from the sender. 
In the case of a book, this amounts to the simple act of reading. In 
the case of technically complex media like television, on the other 
hand, an electronic signal that is not perceived by any sensory organ 
must first be transformed back into a form that to some degree 
accommodates the physiology of our eyes. In the case of digital 
media, like electronic image-processing, this transformation requires 
a digital-to-analog converter to allow for human sensory organs. 
What one sees in the end is therefore only the outer onion skin of an 
entire series of conjuring tricks that must first be invented, calculated, 
and optimized, and Shannon drew up formulas for precisely these 
calculations, which can be applied to absolutely all technical media 
in.general. If you have noticed, like movie fans for instance, that in 
my lecture: about the five functions of communication the seemingly 
fundamental: and: necessary function of storage does not appear in 
Shannon's work at all, I can only respond in two ways: first, the 
function of storage is concealed but also thoroughly explained by the 
mathematics of code optimization, which I mentioned only fleetingly, 
and second, it is probably an indication of our own situation if all 
media, as in Shannon's work, are defined as transmission rather than 
simply storage media. While the purpose of a Christian festival like 
Faster is to be ritually repeatedly every year simply because it is sup- 
posed to store and transmit a fixed and well-known message, namely 
the gospel (good news), no one is particularly pleased about repeated 
broadcasts on the television. Shannon’s technique of measuring infor- 
mation mathematically was specifically developed to distinguish and 
determine the newness or improbability of a message compared to 
the mass of repetitions that are necessarily implied in every code. 
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the misuse of photography.) On the other hand, however, photogra- 
phy also demonstrates the completely new ability to recognize and 
thus produce real convicts. And third, the fact that it did not become 
famous as “art” (in the old European understanding of the term) until 
or rather precisely after this criminalistic success proves — and here 
I deviate from Plumpe's thesis — that all talk about photography as 
art actually serves to conceal its strategic functions. 

To conclude this digression concerning the cultural effects of the 
new medium, I would only like to point out that photography as legal 
retribution not only celebrated its triumph in literary fiction. As early 
as 1883, “a rapid photographic printing process” for arrest warrants, 
which Bertillon reportedly took over and standardized, enabled the 
arrest of “the dangerous anarchist Stellmacher" in Vienna (Eder, 
1978, p. 441). As you may remember, nitrocellulose can be used to 
make either bombs, like the anarchists, or roll film, like the Viennese 
police. Between these two barrages, the anarchistic and the photo- 
graphic, the human as collective individual explodes. 


3.2 Film 


3.2.1 Preludes 


Now we come unceremoniously to the prehistory of film. For the 
storage of moving images it is just not enough to make a donnish 
assistant like Morse stand still for half an hour, as Draper did for the 
first photographic portrait, or to bind a criminal during an anthro- 
pometric sitting, as Bertillon did. Rather, it involves fixing the object 
or target precisely while it is fleeing and being able to reproduce 
this fixed movement again anywhere. For these two reasons, I will 
begin the prehistory of film with an American sbip’s boy named 
Samuel Colt. His history is actually slightly mythical and it will need 
to be expanded more correctly and precisely in a future lecture on 
the history of weapons technology, but it will suffice for today. In 
1828, the ship's boy went to the East Indies and on the way he had 
a technical epiphany — namely, the revolver that is now named after 
him. Colt revolvers, as celebrated and not by accident in all western 
films, no longer aim their six shots from one man to another, but 
rather from one white man to six Indians or Mexicans at virtually 
the same time. This was the reason why Colt, whose factory almost 
bankrupted him, did not become a wealthy arms supplier until the 
American-Mexican War of 1847. 
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The colt not only introduced the innovation of being able to 
shoot six moving targets in quick succession at a time when contem- 
porary soldiers still needed a full minute to load the next round in 
their muzzle-loaded rifles, but rather it fundamentally revolutionized 
the process of industrial manufacturing. For promotional purposes, 
Colonel Colt was always fond of demonstrating to his astonished visi- 
tors that it was possible to disassemble six colts on a table, jumble up 
their component parts, and in the end - despite this artificial introduc- 
tion of statistics or noise — reassemble six fully functional colts once 
again from the individual pieces. I do not need to delve any further 
into the complicated prehistory of this trick, which can be traced 
from Ludwig XVI's artillery to the almost forgotten but not unim- 
portant British-American War of 1812 and the US Army Ordnance 
Office. It is enough to say that even though Colt did not invent the 
principle of the industrial serial production of interchangeable parts, 
he still publicized it very successfully. The series of shots in time and 
the series of devices in space were two equally important aspects of 
one single innovation. The arms supplier of Napoleon's great army 
worked on similar standardizations at practically the same time, 
as did the English computer pioneer Charles Babbage, particularly 
with regard to screws and other precision mechanics. As you know, 
however, Colt's model prevailed in America — and this was actually 
for the simple reason that every conceivable emigrant with every 
conceivable occupation that was not demanded elsewhere streamed 
into the country of unlimited serialism. There were only two groups 
of workers who did not emigrate from Europe, where they enjoyed 
much better working conditions: skilled labor and the military. And 
behold: the manufacturing. technology of Colt's revolver compen- 
sated for the first shortage and the weapons technology compensated 
for the second. 

Both of these aspects were also crucial for film. First, concerning 
the seriality of the production process, film distinguishes itself from 
photography in that the sender's finished product - the film in reels — 
is entirely useless if a projector with precisely the same specifications 
is not available on the receiver side. The purchaser of a photograph 
does not himself need a camera, but the purchaser of a film needs a 
projection room and a projection device. While Shannon's channel 
concept is rather anachronistic and unsuitable for photography, as 
I have said, film comes considerably closer to this concept and thus 
requires highly industrial conditions. It is no coincidence that many 
early film producers came from the sphere of precision engineering 
(Faulstich, 1979, p. 159). 
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The seriality of shooting a revolver, on the other hand, naturally 
corresponds to the serial time in film, into which the movements of 
the filmed object must be broken down. In terms of pure mathemat- 
ics, this has not been a problem since Aristotle’s theory of movement 
was adopted in the early modern period. In the fourteenth century, 
as I have mentioned, Nicolas Oresme already sketched the individual 
phases of the flight of a missile on paper, and Leibniz developed dif- 
ferential calculus around 1690 in order to calculate the ballistics of 
cannonballs. dy over dt means analyzing the results of an arbitrary 
mathematical function in extremely small intervals of time ż, and 
these intervals eventually approach zero until the differential quotient 
indicates the tangent and that means the change of the relevant func- 
tion itself at all individual points in time. 

Technically, however, this border crossing is simply impossible 
because (according to Shannon) there are no infinite scanning speeds. 
It was thus replaced with the problem of how small the segments of 
time must be made in order to provide at least the appearance of such 
a border crossing. At the same time that Charles Babbage constructed 
his first proto-computer, which converted Leibniz’ differential equa- 
tions into technically realizable difference equations, the nineteenth 
century developed a machine that operated even below the smallest 
difference that would still be physiologically perceptible. But that 
suddenly changed the technical question into a physiological question 
and the construction of machines thus changed into the measurement 
of human senses. 

To identify this new physiology of the senses, it will suffice first 
of all to point out in general that its scientific structure would have 
been inconceivable prior to the nineteenth century. In his remark- 
able book about the techniques of the observer, Jonathan Crary 
even postulated the thesis (inspired by Foucault's historiography) 
that the turn away from physically natural optics, as represented 
by Lambert, for example, towards physiologically embodied optics 
was a veritable scientific paradigm shift. The principle support for 
Crary's thesis is no less than Goethe, whose theory of colors was 
fundamentally based on the phenomenon of optical after-images. 
Someone looks at something red for a few minutes, then closes the 
eyes - and suddenly the complementary color green appears to these 
closed eyes. Goethe boldly concluded from this, as I already men- 
tioned at the very beginning of these lectures, that the eye is like the 
sun: out of its own creative activity it generates a suitable complement 
to every passively pre-existing color, and the end sum is always a 
totality. 
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Crary’s thesis reduces many events in the history of science that 
led to photography and film to a brilliant denominator. Nevertheless, 
I would like to raise two objections. The first concerns Crary’s over- 
emphasis on the body, which is fashionable among contemporary 
scholars. There seem to be entire branches of scholarship today that 
believe they have not said anything at all if they have not said the 
word “body” a hundred times. There is no doubt that in the nine- 
teenth century the geometric model of optics, which prevailed from 
the time of Brunelleschi to Lambert, was replaced with a materialis- 
tic one, but that by no way means that the material effects of light 
always impact on human bodies and eyes. It can just as easily be, 
as we have seen, Schulze’s photochemical effect on silver salts and, 
even more conclusively, Herschel and Ritter’s history of infrared 
and ultraviolet. Crary’s thesis would therefore be more precise if he 
had not spoken about physiology but rather about material effects 
in general, which can impact on human bodies just as well as on 
technical storage media. 

Second, I do not see how Crary can equate Goethe’s gentle experi- 
ments with the more brutal and in my eyes first true physiological 
experiments and self-experiments of his successors. Goethe himself 
boasted of his *delicate empiricism,” and he surely never caused pain 
for the sake of his theory of colors. However, the Weber brothers, to 
whom the sciences of motion (as they were called in the nineteenth 
century) owe much, falsified the alleged creative power of Goethe's 
eye by simply delivering a mechanical blow to their own eyes: what 
then emerged as an after-image or lighting on the retina was no longer 
a totality, but rather the trace of a shock (Crary, 1991). 

The Leipzig scientist Gustav Theodor Fechner was even worse 
than the Webers because he first attempted to prove Goethe's pre- 
cious theory of after-images experimentally. As a physicist, Fechner 
also wanted to determine the measurable quantities and measurable 
periods of this after-image effect, and he spent three years reading 
all the relevant books on the subject and then staring into the sun. 
At the end of this series of experiments, which exposed his eyes to 
two rather opposed extremes, he was blind and fit only for a mental 
institution (see Lasswitz, 1910). You can see that in the nineteenth 
century the physiology of the senses did not simply ruin experimen- 
tal rabbits — or rats, like today — but rather it ruined the research 
pioneers themselves. Media always presuppose disabilities, and thus 
optical media also presuppose the blindness of their researchers (in 
addition to a lack of natural pigments). Enlightenment philosophers 
like Diderot or Condorcet had only postulated theories about the 
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blindness of others, because the Enlightenment itself was supposed 
to be pure light. Fechner, on the other hand, was able to write the 
general mathematical formula of all sensory perception, the so-called 
basic law of psychophysics, precisely because he sacrificed his eyes to 
research his subject and then only managed to improve his condition 
again through sheer force of will. According to this basic law, a linear 
increase in objective stimulation only corresponds to a logarithmic 
increase in subjective sensation; by the same token, an exponential 
increase in stimulation is necessary for a linear increase in sensation 
- in Fechner's tragic case, therefore, the sun must shine four times 
brighter to blind twice as much. With such optimistic and also not 
undisputed assumptions about sensory resistance, one can imagine 
how much solar power Fechner exposed his eyes to. 

Fechner is admittedly less important for the physiology of film 
than another blind man, to whom we will shortly come. Fechner only 
serves to illustrate a research field that began making numerical state- 
ments about perceptual processes and above all stimulus thresholds. 
It is clear that eyes can only believe in the apparent continuity of film 
movements when the projected images change quickly enough that 
the sequence of individual frames drops below a certain temporal 
threshold. The so-called positive after-image then takes effect. In 
contrast to Goethe's celebrated concept of the negative after-image, 
the positive after-image occurs when the eye continues to see an 
object in the same place a moment after it has already disappeared 
or moved away. This happens because the stimulation of the nerve 
fibers only wears off gradually, and the after-image remains in the 
same color as the original image rather than the complementary 
color, as with a negative after-image. Since about 1750, it has been 
known (or rather rediscovered, as Ptolemy's Optics was reportedly 
aware of the after-image effect) that the positive after-image lasts for 
an eighth of a second. The eye is therefore no longer able to differen- 
tiate movements faster than this from one another. It was not until 
the nineteenth century, however, that researchers proceeded to take 
advantage of this effect with small technical devices that produced 
illusionistic effects as toys. In 1824, for example, Sir John Herschel, 
the son of the aforementioned astronomer and discoverer of infrared, 
rotated a coin so quickly that by all appearances the front and the 
back, the number and the emblem, were visible at the same time as 
a single image (Zglinicki, 1979, p. 109). 

And yet the after-image effect alone is still not enough to make 
cinema possible. It only supports the cinematic illusion in one respect: 
it dampens the flickering during the film advance and completely 
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suppresses it upon reaching the flicker fusion threshold. But to 
produce the illusion that one and the same object has moved from 
the place it occupied on frame A to another place on frame B, another 
optical effect must be added: the stroboscope effect. Hopefully, it is 
not necessary to say much about the effectiveness of this effect, as all 
of the better discos employ stroboscopic lights so that people’s dance 
movements can be cut up into their individual phases, much like 
film editing. The twentieth century, in other words, has successfully 
reimported a film effect into everyday life. The nineteenth century, on 
the other hand, had to first discover the stroboscope effect to make 
film possible at all. 

It is a great pleasure to inform you that the great physicist Michael 
Faraday was among these discoverers. Faraday will appear later in 
these lectures as a genius at theater lighting, but in 1831 he also 
discovered electromagnetic induction or the possibility of produc- 
ing voltage and ultimately alternating current through the circular 
motion of an electric circuit in a magnetic field. What he discov- 
ered for optics is not so very far from induction, because it already 
prepared for the possibility of one day electrifying optical media 
like film and television. As in the case of the rotation press or the 
revolver, circular motion once again plays the decisive role, which 
will culminate in roll film. Through his fundamental electromagnetic 
discovery, Faraday took notice of circular motion in general, and he 
reportedly observed two gears in a mine whose motion was normally 
not perceptible at all because of speed and thus because of the after- 
image effect (Zglinicki, 1979, p. 114). On the basis of this observa- 
tion, Faraday constructed purely experimental gear couplings, until 
he determined a new optical law: the periodic breaks in the equally 
periodic images — which occur approximately when the front gear 
allows the viewer to see the individual teeth of the rear wheel but 
then conceals them again - leads to the lovely illusion that the eye 
mistakenly identifies tooth A from image 1 with another tooth B from 
image 2. with a third tooth C from image 3, etc. À virtual movement 
thus emerges, and at certain rotation speeds or frequencies the gears 
even virtually stop. Electro-technicians and information theorists like 
Shannon would say that the sampling frequency together with the 
frequency of the samples produces an aliasing effect, which is perhaps 
a free English translation of Brecht's alienation effect. The possibility 
of this aliasing effect is only present when the sampling frequency is 
not at least twice as large as the maximum frequency in the signal 
of interest. For this reason, sophisticated filter chains provide for 
a meticulously precise observation of Shannon's sampling theorem 
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during the digital recording and playback of compact discs. And the 
fact that the stroboscope effect does not hinder but is actually neces- 
sary for film says everything about the difference between film and 
electro-acoustics, the imaginary and the real (this is already a slight 
anticipation of statements that are yet to come). It only becomes 
obtrusive and disruptive when film scenes themselves demonstrate 
the very effect on which they are based. You all know that when a 
western is shown at 24 frames per second and the famous covered 
wagons of the American pioneers have exactly the right frequency, 
their spokes appear to be standing still or even running backwards. 

So much for Faraday, who admittedly appears to have been more 
interested in a basic theory of frequency than in its media-technical 
applications. The physicist neglected to demonstrate his stroboscope 
effect not only with the teeth of gears and slits but rather with 
images, which was a small but decisive step in the development of 
film. However, Joseph Plateau, the Belgian professor of experimental 
physics and astronomy at Ghent University, was working on optical 
illusions at the same time and completely independent of Faraday. In 
1832, he thought of feeding the stroboscope with 16 drawings of a 
dancer, presenting her in successive phases of movement and ending 
once again in the initial position. 

On the outer edge of the disk and between the individual images 
there were 16 slits. When the spectator positioned the disk in front 
of a mirror, set it in motion, and continued looking through the same 
slit into the mirror, the dancer herself would proceed to perform 
endless pirouettes or circular movements. For the first time, a techni- 
cal trick had changed the zero frequency, which was the rate at which 
all representative artworks had been displayed ever since the Stone 
Age, into frequencies as high as one likes. This must have so deeply 
fascinated Plateau that he was no longer able to leave his optical 
experiment alone and he gradually went blind; in contrast to his col- 
league Fechner, however, his blindness was permanent. 

Perhaps the extent of the sacrifice that Plateau made enables us to 
appreciate the advance that his stroboscope represented. If one thinks 
back to Athanasius Kircher's smicroscope, which was able to present 
the 14 Stations of the Cross one after another, the first important 
difference is the novelty of Plateau's representation of the successive 
phases of the dancer's movements. The 14 Stations of the Cross were 
14 different images as such, one on the Mount of Olives, one with 
Pilate, one on Golgatha, etc., from the night before Good Friday 
until the famous sixth hour. The 16 drawings of the dancer, on the 
other hand, are absolute snapshots of one and the same object - and 
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this was done seven years before Daguerre was able to reduce photo- 
graphic recording time to two to three minutes. Imagine if the devout 
Jesuit Kircher had presented the passion play as endless pirouettes. 
With his virtual circular motion, Plateau is a worthy contemporary 
of all the acoustic experimenters between 1830 and 1880, or between 
Weber and Edison, who made analogous attemps to achieve millisec- 
ond recordings of sound and speech periods, which finally culminated 
in Edison’s phonograph in 1877. 

That means at the same time that film was not yet technically 
possible during Plateau’s lifetime simply because instantaneous pho- 
tography lagged far behind the rotation speeds that were attainable 
with the stroboscope. For this reason, only scientific devices and toys 
were initially developed from the stroboscope. The device was sug- 
gested by Doppler, who also discovered the acoustic effect that was 
named after him: to analyze motion, whose speed strips it of every 
visual perception, Doppler employed a systematic reversal of the 
stroboscope, which did not set images and slits into periodic motion 
but rather the light source itself — as a rapid succession of electrical 
sparks, for example (Zglinicki, 1979, p. 120). This is precisely what 
in the meantime is employed in discos, most likely to train the speed 
of our perception — in defiance of all physiology - for the extreme 
requirements of a technical war. 

The development of toys also proceeds in a similarly militaristic 
way. You may recall that one of the reasons why Leibniz developed 
his wonderful differential calculus was to make missile trajectories 
calculable. Now in 1811, a certain Franz von Uchatius came into 
the world, which at that time still had an Austrian Empire. In 1829, 
Uchatius voluntarily joined the second field artillery regiment as 
an artillery gunner. After graduating from the Bombardier Corps 
Academy in 1837, he was promoted to sergeant and commissioned 
to teach physical chemistry. In 1841, he began his - at least for 
the Austrian artillery — groundbreaking research on cannon casting, 
which ultimately led him to the invention of steelbronze and also of 
the aforementioned explosive Uchatius powder, which is chemically 
closely related to old roll film. As a reward, Kaiser Franz Joseph pro- 
moted him to Field Marshal Lieutenant and at the same time, because 
this promotion would have otherwise been impossible, made him a 
baron. In the symbolic world, on which monarchies are based, things 
fell into place very well, but Austria-Hungary did not have the least 
interest in the technical real world. After walking a great distance, 
a certain Mitterhofer from South Tyrol was permitted to present his 
wooden typewriter — the very first that we know of - to this same 
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Kaiser. He received a personal donation, but his machine did not 
go into production. Uchatius fared even worse: due to bureaucratic 
difficulties with the introduction of Uchatius cannons in the impe- 
rial army, the artilleryman and Field Marshal Lieutenant became his 
own target. On June 4, 1881 he shot himself in the head (Zglinicki, 
1979, pp. 130-5). 

After this requiem we now return to the history of film. Before 
Field Marshal Lieutenant Franz von Uchatius took aim at himself, 
it must have been important to him to teach all cadets and officer 
candidates the principle of artilleristic shooting. Plateau's newly dis- 
covered stroboscope lent itself easily to this purpose. Like Edison's 
kinetoscope, it also admittedly had the one crucial disadvantage 
that it was not a mass medium, but rather it always only allowed a 
single viewer to look through the observation slit. For his lectures 
on weapons technology, therefore, Uchatius spent his scarce free 
time first combining the well-known lanterna magica with the strobo- 
scope. And behold: all of the cadets were immediately able to watch 
Uchatius’ sketches of projectiles flying through the air at the same 
time, as they were projected onto the wall of the auditorium. The 
lanterna magica thus no longer produced merely virtual motion, like 
Schrópfer's curtains of smoke, but by means of a crank — much like 
early cinema — made successive images really dance in front of a fixed 
light source. It is no wonder, then, that Uchatius’ constructions were 
purchased by a carnival showman, who gave magical performances 
that turned the weapon back into money, as Schrópfer or Robertson 
had once done (Zglinicki, 1979, p. 133). 

What is interesting here is not this reversion, but rather the fact 
that the individual technical elements of film — the recording device, 
the storage medium, the projection apparatus — were combined with 
one another very gradually and in stages. Technical media are never 
the inventions of individual geniuses, but rather they are a chain of 
assemblages that are sometimes shot down and that sometimes crys- 
tallize (to quote Stendhal). After Uchatius combined the stroboscope 
and the lanterna magica, the only element that was still missing was 
the camera obscura that Talbot had already automated. However, 
its inclusion in the communication system known as film not only 
encountered technical obstacles, such as exposure times that were 
much too long, but also the traditionalism of an entire artistic epoch. 
As contemporaries of these experiments, draughtsmen like Toepfer in 
Geneva and Wilhelm Busch in his village near Góttingen were actu- 
ally quick enough to grasp the new method of drawing in phases as 
an art form, which means quite simply that they invented the comic 
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strip, which led in turn to the animated cartoon. However, it was 
precisely because painters learned to break motion down into suc- 
cessive phases in the nineteenth century that they did not want to 
relinquish this new art form once again and replace it with technical 
media. On December 1, 1888, a certain Emile Reynaud received the 
French patent number 194 482 for his projection praxinoscope. As 
the name already suggests, this device projects moving stories, which 
Reynaud drew on perforated and flexible ribbons as animated films. 
All of these features, but above all the interplay between the perfora- 
tions and a gripping mechanism, guaranteed perfect synchronization. 
The musical accompaniment synchronized with the projection also 
practically anticipated Edison’s kinetoscope, except that throughout 
his lifetime Reynaud stubbornly refused to replace his “artistic” 
drawings with photographs (Zglinicki, 1979, p. 136). As Hölderlin 
so accurately wrote, it is hard to leave a place when one lives near 
the source. And what lives closer to the source than art according to 
European tradition? 


3.2.2 Implementation 


It was thus left to a European emigrant to the US to take the last 
step. Edward Muggeridge from Kingston-on-Thames, who changed 
his name to Eadweard Muybridge either out of Anglo-Saxon pride 
or an American desire for self-promotion, combined for the first time 
all the elements of film: instantaneous photography, lanterna magica, 
and stroboscope. Muybridge's zoopraxiscope of 1879 showed, as its 
name claims, life (Zglinicki, 1979, p. 175). 

The key word “life” naturally compels us to disregard momen- 
tarily this lecture's physical image of the world and to touch upon 
nineteenth-century zoology. However, to understand Muybridge's 
feat we are now in the same fortunate position as film history: we 
only need to combine the already existing or already recounted ele- 
ments. Colt's revolver, Daguerre's photography, Weber's acoustic 
experiments — all of these elements recur once again. 

The initial push was supplied by acoustics. It was possible to 
record the frequencies of the human voice long before Edison, but 
there were no researchers who also thought to play back this voice 
at another place and time. The trick simply consisted in sending the 
voice into an amplifying funnel at whose end a membrane vibrated. 
The other side of this membrane was attached to an innocent hog’s 
bristle, which finally scrawled the captured frequencies onto a lamp- 
blackened glass plate — provided that the experimenter rolled this 
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plate past the bristle fast enough. In this simple way, for example, 
the very voice of the British phonetician who was the inspiration for 
Professor Higgins in Shaw's Pygmalion and the musical My Fair Lady 
has been preserved to this very day. For the first time, the physiology 
of a living human being was coupled with a storage medium rather 
than a chain of symbols with a repertoire of signs, as with writing. 


3.2.2.1 Marey and Muybridge 


Phonographic recording, which at that time was also called visible 
speech, became the accepted thing among European physiologists. 
When France established a professorship in natural history at the 
Parisian Collége de France at the instigation of the great physiolo- 
gist Claude Bernard, for whom we have Zola's entire naturalism to 
thank, the holder, Prof. Étienne-Jules Marey, immediately began 
constructing devices. Doctors like Goethe's Mephisto had actually 
already strongly recommended taking the pulse of, above all, women 
with tenderness, and it was precisely because of such pleasures that 
it had not occurred to a doctor before Marey to replace his own 
hand with a machine. At the Collége de France, one device emerged 
after another: a heart recorder, a pulse recorder, and finally also a 
device that was connected to the four extremities of animals and 
could record their movements. None of these devices bore the least 
similarity to photographic cameras, but rather they worked, exactly 
like visible speech, with a pencil and a steadily moving paper cylinder. 

As only luck would have it, Marey became acquainted with a 
captain in the French army who was also a horse enthusiast. This 
captain converted the results of the professor's measurements back 
into traditional art. His visual reconstruction of the measurements of 
a horse's legs manifested the incredible fact that there is a moment 
while galloping when only one of the horse's legs is touching the 
ground.” The Anglo-Saxon world in particular was overrun with 
watercolors featuring horses and riders, yet there was not a single 
picture showing the leg position that Marey claimed. 

Imagine for the blink of an eye if film had been invented in India 
and the leg position was not that of horses but rather of women and 
men according to the rules of the Kama Sutra... 


?Kittler is incorrect here and in the following paragraphs when he states that one 
horse's leg is always touching the ground during a gallop. The theory of *unsup- 
ported transit" referred to here actually claimed that all of the horse's legs were in 
the air at the same time. 
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Instead, the story continues in puritanical America, where Leland 
Stanford Sr. became a millionaire by constructing a pacific railroad 
and consequently, long before Ronald Reagan, also became governor 
of the state of California. Stanford, the horse enthusiast and trotting 
horse breeder, saw the measurements of the horse's legs, but was 
unable to believe the results of Marey's experiments. We can only 
assume the reason was that the watercolor images of horses’ legs 
remained so deeply imbedded in the subconscious minds of people 
who had not yet seen a film. However, where belief is lacking, in 
America there is money and experimentation. Stanford had the for- 
tunate idea of calling in Muybridge, the landscape photographer, 
and commissioning a photographic test of the horse's leg problem. 

Muybridge thus exchanged the Californian wilderness for Califor- 
nian civilization, or the timelessness of Yosemite Valley, which he had 
immortalized in his landscape photographs, for the millisecond realm 
of telegraphy. Stanford's breeding establishment for trotting horses 
was located at his ranch in Palo Alto, precisely where the Leland 
Stanford Junior University — renowned for being the best for the study 
of electronics - stands today. Muybridge constructed a white wall with 
a short race track in front of it, and in front of this race track he placed 
a row of 12 instant cameras, which were all connected electronically. 
With relay circuits supplied notably by the San Francisco Telegraph 
Supply Company, another media industry firm, Muybridge succeeded 
in triggering these 12 cameras one after another at intervals of only 
40 milliseconds, whereby each individual camera had a shutter speed 
of a single millisecond. Then all he needed was to make a horse gallop 
along the race track and Governor Stanford had a black-and-white 
photograph proving that during a certain phase of movement while 
galloping only one of the horse's hooves was touching the ground. 

You see: Muybridge's experimental set-up no longer had even 
the smallest resemblance to the stroboscope, but rather it recorded 
movements for as long and extensively as the experimenter wanted 
and the race track allowed. Cylindrical storage media, which — from 
Plateau to Marey - were confined to repetitions and periods, and thus 
choreography and poetry, were superseded by the prose of science 
and later also of entertainment media. You know that in poetry, 
which was formerly identical to dance, everything must come back 
around as in the stroboscope; in novels, on the other hand, there is 
always an unforeseen and contingent future, as in Muybridge's series 
of instantaneous photographs, which can consequently also only 
stop through an interruption. All of so-called modern life therefore 
depends entirely on nineteenth-century media technologies. 
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Muybridge’s empirical confirmation of Marey’s experiment took 
place in 1878. Five years later, the very same instantaneous record- 
ing technology used by Muybridge also made all of Field Marshal 
Lieutenant von Uchatius’ dreams of artillery pedagogy come true. 
The physicist Ernst Mach sealed a wire in a glass tube, connected the 
wire electrically to the shutter of an instant camera, and then fired 
on the glass tube. The result was a photographic speed record: a 
real bullet, rather than a drawn one as in the stroboscope, generated 
shock waves as it entered the chamber. It is no wonder that the same 
Mach was also the first to achieve the opposite record: the time-lapse 
film for analyzing infinitely slow movements (Eder, 1978, p. 523). 

Muybridge, as far as I can trust my optical memory, also invented 
another trick. The library of Stanford University, which the old gover- 
nor founded on the site of his former horse breeding establishment to 
memorialize his son (whose death was caused by bungling European 
doctors, of course) and to prevent similar tragic cases in the future 
through science, contains stacks of enormous photo albums, in which 
Muybridge gradually shifts from horses and cows to people. When- 
ever an athletic Stanford student and sprinter enters the photograph 
from behind, he is naked, but whenever he turns his front towards the 
camera a swimsuit suddenly appears out of nowhere, as if the image 
has been retouched. Muybridge thus invented the stop trick, one of 
the most important film tricks, long before George Méliés. As far as I 
can see, frontal nudity first appears in Muybridge’s photographs only 
during his later time at the University of Pennsylvania. 

The purpose of the swimsuit in California is clear: only the nude 
photographs require some explanation. After Muybridge finally abol- 
ished the hand of the artist (which had appeared so irreplaceable 
to his predecessor Reynaud) and manufactured a pure multimedia 
system, he also wanted to reform painting. His magnificent volumes 
on “animal locomotion” were published for the express purpose 
of preventing artists from drawing or painting false positions, like 
the galloping horse. Muybridge’s nude photographs provided them 
instead with a scientific model of all possible body movements. Like 
Renaissance perspective and the camera obscura, instantaneous pho- 
tography was supposed to discipline art. Admittedly, this time it did 
not involve abolishing the dominance of the symbolic, as in medieval 
holy images, and introducing a human scale through perspective, but 
rather at the end of the nineteenth century the imaginary also had 
to believe in it. The reason we never see three legs of a horse in the 
air is because the eye projects a familiar general shape on all of the 
phases of an animal’s movements. 
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I am pleased to be able to say that Muybridge’s propaganda was 
a crowning success in at least one famous case. During his European 
travels, Muybridge’s patron Leland Stanford Senior also went to 
Paris, where he became acquainted — presumably in Muybridge’s 
company — with the painter Meissonier. Jean Louis Ernest Meisso- 
nier, who unfortunately hardly anyone appreciates any more except 
for Salvador Dali and myself, had already painted practically all 
of the legs of the horses in Napoleon's Great Army on extremely 
expensive canvas out of an explicit admiration for Napoleon's *orga- 
nizational genius" (Gréard, 1897, p. 47), but he confessed that he 
only knew how to represent these legs while striding and trotting 
and not while galloping (Gréard, 1897, p. 194). Stanford demanded 
that Meissonier paint his portrait, which the painter would have 
refused to do had Stanford not revealed to him on this occasion the 
secret of Muybridge's instantaneous photographs of horses. Meis- 
sonier was converted, and it was because of him that this secret was 
eventually conveyed to the vice-president of the Paris Academy of 
Fine Arts. From then on, Meissonier employed photographic source 
material to paint real horses’ legs rather than picturesque imagi- 
nary ones. Áccording to his biography, he used these photographic 
models *only for verification," but in his private park in Poissy, near 
Versailles, he built a short railroad track, seated himself in a sleigh- 
like locomotive whose speed could be adjusted, and studied a gallop- 
ing horse in motion with his own mobilized painter's eye (Gréard, 
1897, p. 73). You see once again how the railroad replaced the horse 
in media history, and how the nineteenth-century railroad journey 
celebrated by Schivelbusch (1986) was not limited to being passively 
transported, but rather in the wonderful case of Meissonier it was 
already an active automobile in the literal sense of a forward-moving, 
self-propelling technology. It is hard to say whether this tremendous 
expense made Meissonier's war paintings more valuable or realistic, 
and there is no need to know. The death of traditional painting was 
quickly approaching, for in the same Paris salon where Stanford had 
met Meissonier, Muybridge also met Marey. 

For the first time in this history of invention, therefore, we are con- 
fronted with a case of positive feedback. Sixty years earlier, Niépce 
and Daguerre had met purely by chance, even though they both 
lived in France, and their collaboration had to be insured through 
a civil contract. Now, in 1882, Marey's machine for measuring 
movement inspired Muybridge to design a follow-up invention in 
California, and Muybridge's serial photography, in turn, inspired 
Marey to design his own follow-up invention. Muybridge, as I have 
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said, went as far as inserting his sequences of images — which were 
photographic and no longer merely drawn - into a stroboscope in 
order to be able to project real movements. This was still not a film, 
however, not only because a minute of horse galloping would have 
required 270 images instead of the available 12 (see Clark, 1977), 
but also because Muybridge was stubborn: as a prior landscape pho- 
tographer, he never gave up using the heavy, immovable glass plates 
that Niépce's cousin had introduced to photography in 1847. For this 
reason, namely, because a human life is far too short to comprehend 
avalanches of technical innovations, teamwork and feedback loops 
become essential... 

Muybridge and Marey, these twins or Dioscuri who were present 
at the birth of film, were both born in 1830 and died in 1904. It is 
therefore possible to shift from one to the other without any prob- 
lems. After the soirée at Meissonier's, Marey realized that all of his 
machines for measuring heartbeats, pulse rates, and the movements 
of horses' legs had been historically superseded by Muybridge's serial 
photography — with one exception. By holding tight to the unifying, 
linearizing power of writing paper, Marey always ouly needed one 
single piece of equipment, while Muybridge had to position 12 dif- 
ferent cameras. The task, therefore, was to dispose of 11 cameras 
and still be able to supply serial photographs. In the process, Colt's 
good old revolver was once again honored, as it had also reduced 
the need for six pistols down to one. In 1874, a French astronomer, 
Pierre Jules César Janssen, had already converted the revolver from 
the wars with the Red Indians into a revolver for the stars in order 
to capture 18 different positions of the planet Venus on a single 
photographic plate, whereby the astronomical revolver repeatedly 
closed his camera lens between these 18 instantaneous recordings 
with a Maltese cross (Zglinicki, 1979, p. 170). While Marey still 
had to install his individual images into a stroboscope by hand, 
this new device supplied the stroboscopes all by itself. After this 
preparatory work, it was easy for Marey to improve on Jannssen's 
astronomical revolver. Marey developed a device that was roughly 
50 centimeters long, which he dubbed a chronophotographic gun or 
fusil chronopbotograpbique because it handles photographs much in 
the same way as a gun. It was braced against the shoulder for stabil- 
ity, it had gun sights for aiming, and firing the trigger produced an 
instantaneous photograph, whereupon the barrel, which contained 
11 more unexposed negatives, turned 30 degrees, bringing the next 
negative into position. If the metaphor of shooting a photograph was 
ever taken literally, then it was in the case of Marey, whose assistant 
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Georges Demeny was reportedly even ordered by the French general 
staff to record and optimize the standardized marches of soldiers 
using serial photography in 1904. 

Át a time when France was mourning a lost war and the lost 
provinces of Alsace-Lorraine, Marey's photographic rearmament 
considerably helped his career. The physiologist, who had already 
received his own physiological institute, rose even further to become 
president of the French photographic society. In this position, he put 
into place the penultimate step to film technology. The rigid barrel or 
disk, which had been maintained from Plateau's stroboscope through 
to the chronophotographic gun, was transformed into a flexible roll, 
which was transported automatically past the lens through a clock- 
work mechanism in the camera. And even though it still was not a 
celluloid roll, the technique of film recording was in principle fixed. 
Marey would only have had to put his photographic paper rolls into 
a projection apparatus driven by clockwork, but he did not, and he: 
thus missed the chance of becoming Lumiére or technical light itself. 
For this reason, we are still faced with the pressing task of recon- 
structing the commercialization of the half-military, half-scientific 
technology of instantaneous photography through Edison and the 
Lumiére brothers. 


3.2.3 Silent Film 


We no longer need, as in previous lectures, to represent the history of 
this industrialization as a detailed account of individual inventions. 
Up until now, the presentation of these individual inventions illus- 
trated the simplest, namely earliest attempts to solve the fundamental 
problems of optical media technology. This no longer applies, as the 
individual inventions and patents related to film began to explode in 
1890: while there were only around 200 film-related patents issued 
worldwide between 1875 and 1890, this number had already risen 
to 500 between 1890 and 1910. In the age of industry, therefore, 
film emerged from pure teamwork. That is why I will only make 
rough cuts that treat silent film, sound film and color film as epochal 
structures. The two world wars will also serve as crude landmarks. 
Before discussing the actual development of silent film, I want to 
point out again how far Marey had already come conceptually despite 
the fact that he failed to project his sequences of images. In 1891, his 
assistant, the aforementioned Georges Demeny, developed the won- 
drous photography of speech or photographie de la parole. Precisely 
like the earlier telephone inventor Alexander Graham Bell, Demeny 
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